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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

1. (Cancelled) 

2. (Currently Amended) A pump comprising: 

a pump body - ' . 

pumping chamber; 

a piezoelectric actuator situated in the pump body and responsive to a drive signal 
for pumping fluid in the pumping chamber; 

a drive circuit wh ich applies configured to apply the drive signal to the 
piezoelectric actuator as a series of high voltage charge packets configured to 
dynamically shape a waveform for the piezoelectric actuator as the actuator operates in 
the pump; and wherein the drive circuit further comprises: 

a pulse -gen erator which generatesgenerator configured to generate digital 
pulses : _>e jjer.t^tor go rjrr 3 Q% i p= dsea width,yr:odu: ; ito : ' 

a eeav«gter-ek cuit w hich us w gon* , . . * ... v the digital 
pulses generated by the pulse generator to produce the series of high voltage charge 
packets. 

3. (Previously Presented) The pump of claim 2, wherein the drive circuit further 
comprises the piezoelectric actuator, and wherein the piezoelectric actuator, by a 
capacitive nature of the piezoelectric actuator, integrates the charge packets to shape the 
waveform of the drive signal. 

4. (Cancelled) 

5. (Currently Amended) The pump of claim [[4JJ \ wherein the pulsed width 
modulator (PWM) circuit comprises a microcontroller. 
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6. (Currently Amended) The pump of claim [[4]]2, wherein the pulses generated 
by the pulsed width modulator (PWM) circuit have a pulse width chosen to produce a 
desired amplitude for the drive signal. 

7. (Cancelled) 

8. (Currently Amended) A method of operating a piezoelectric pump having a 
piezoelectric actuator situated in a pump body and responsive to a drive signal for 
pumping fluid, the method comprising: 

(1) generating digital pul*e> • •■ id V v-\b\ j<. : - 

> « e width of th o \ v v> : ■ .;. v : ^ 

(2) using the digital pulses of step ict (1) to produce a series of high voltage 
charge packets configured to dynamically shape a waveform for the piezoelectric actuator 
as the actuator operates in the pump; 

applying the series of high voltage charge packets as the drive signal to the 
piezoelectric actuator; 

operating the piezoelectric actuator in the pump in response to the drive signal. 

9. (Previously Presented) The pump of claim 8, further comprising using the 
piezoelectric actuator to integrate the charge packets and thereby shape the waveform of 
the drive signal. 



10 


(Cancelled) 


11 


(CANCELLED) 


12 


(CANCELLED) 


13 


(CANCELLED) 


14 


(CANCELLED) 


15 


(CANCELLED) 


16 


(CANCELLED) 


17 


(CANCELLED) 


18 


(CANCELLED) 
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19. (CANCELLED) 

20. (CANCELLED) 

21. (CANCELLED) 

22. (CANCELLED) 

23. (CANCELLED) 



24. (Cancelled) 



25. (Currently Amended) '. \; r ■ c-iC-ll': ; : ; v , 

a pump body configured to at least partially defmo ^ ^ v 

L -- - : , .i ; c onfig ured to produce the drive si gnal the p iezoelectric \ 



- y trie actuator as the actuator operates in r'.v ; ; . ^ 

\ ec :ric 3SJ^M^SM^\^%kJ^AkM(M^ - 
>e ; . , \ % , v the drive 

wherein the pulse generator comprises a pulsed width modulator (PWM) circuit. 

26. (Currently Amended) The pump of claim 2425, wherein the pulsed width 
modulator (PWM) circuit comprises a microcontroller. 

27. (Currently Amended) The pump of claim , wherein the digital pulses 
generated by the pulsed width modulator (PWM) circuit have a pulse width chosen to 
produced a desired amplitude for the drive signal. 
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28. (Currently Amended) V p"inp -:^:<pasavi. 



forming a part of the drive circuit wlu v, . « . «. u * • « - '-Muprises: 

• she p iezoelectric actuator ab the a* .-no 



wherein the converter circuit comprises a flyback circuit. 

29. (Currently Amended) The pump of claim J428, wherein the flyback circuit 
produces potentials that are bipolar with respect to an electrical ground. 

30. (Currently Amended) Apum^cgmgrising: 

x Ti N x : ■ v.: i. hamber; 

3 p;C,:K:k:;.;rK. aC^U^O) ij H ,. : .: :: : bod) --.^l [(;;< {lOJASn C [O « drj_S/& SjgRal 

> rocluce * le uSv. jiAd J' it j.t/o-z ot'<<-^ aca * c 
a pulse generator eomiuured to urner-le du:a;:d rxdses:, 
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a filter ;< lii^iu J u filter^ components of the charge packets produced by 
the converter circuit. 

31. (Currently Amended) V "> ! * 5 v 

iA.JJciiAiii?..bf^iX.^OJAil^Aj.L^fj |: - k- : p .:v J: •. -1, i i ; ' . p;.: ;p j ■ mhen 

a piezoelectric actuator - \p - , c \ 

Un c»i . ■■ ! ■ i ,; t lu id in the .pj^pmg chamber;,,and 

a drive circuit cojofjgim: LC:J?iiv.li ! ^ - - s . ^ > 

Lorn ! ig i part of the drive circuit, wherein the dm ■: •. • •. . ; ■, •. r;-s ■, • ; 
a pulse go; „ ■ ^ 



\c o >,.,..t k .^ictuatpr, to integrate the charge 

wherein a frequency of the pulses produced by the converter circuit is greater than 
an ability of the piezoelectric actuator to mechanically respond. 

32. (Original) The pump of claim 31, wherein the frequency of the charge packets 
produced by the converter circuit is chosen to be greater than an ability of the 
piezoelectric actuator to mechanically respond so that the charge packets produced by the 
converter circuit do not contribute to one of mechanical inefficiency and noise in the 
piezoelectric actuator. 
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33. (Currently Amended) < s * - N sav 

a drive circuit confi g ured to produc e : I v ■ h ; - .. • j ;,;;=- = K ho p . . irk- actuator 
forming a part of the drive circuit vJi--:\ • = . =. u =• , •• ,s. uprises.: 

§.PBls§.Si&eiitor coT^igured to gc •, . 

I ■- ^\-\^b: ::J ". ^ .p ■■' ,, .• ^ ■ : h v - ;r, :.: ., :.: -J . :V : .• :.:;V 



s i gnal ^ Pfe e prnqp ■ el-claim-^ : , 

wherein the charge packets comprise positive pulses and negative pulses, and 
wherein the piezoelectric actuator integrates the positive pulses and the negative pulses to 
yield a drive field that approximates a sine wave. 

34. (Original) A pump comprising: 
LB '• >d >s:i ^.^tgiired tp at least 

a oiezoejectru scty ator jitMated i; the PUD]P.b.Q^yjM .ri;sppj^SLve.jojL^iY^..sj£!59i 

U « , .n>, \ u r aping chamber; and. 

- o d to produce the drive signal, the piezoc kvi" . .:c, -.;u>: 
- "'g drive circuit comprises: 
a pulv ^ N ^ , , , \ 



wherein neither a bridge switching circuit nor a charge storage circuit are 
connected between the converter circuit and the piezoelectric actuator. 



-7- 



1207774 



VOGELEY et al 
Serial No. 10/816,000 



AttyDkt: 4209-26 
Art Unit: 3746 



35. (Cancelled) 

36. (Currently Amended) A pump comprising: 

a pump body ^ , > * ^ i :...v \ 

pumping chamber; 

a piezoelectric actuator situated in the pump body and responsive to a drive signal 
for pumping fluid in the pumping chamber; 
a power supply; and 

a drive circuit which is powered by the power supply and which pfe€k*ee9~i§ 
" v\ the drive signal, wherein the drive circuit comprises 
a pulse graj - digital 

pulses, the pulse generator comprising a pulsed width modulator ( PWM) circuit; 

a ee^ e^er-ekeiH - t-wh - ieh - Bses converter circuit configured to use the digital 

pulses generated by the pulse generator to produce high voltage charge packets; and 
wherein the piezoelectric actuator, by a capacitive nature of the 

piezoelectric actuator, integrates the charge packets to dynamically shape a waveform for 

the piezoelectric actuator as the actuator operates in the pump. 

37. (Cancelled) 

38. (Original) The pump of claim 36, wherein the charge packets comprise 
positive pulses and negative pulses, and wherein the piezoelectric actuator integrates the 
positive pulses and the negative pulses to yield a drive field that approximates a sine 
wave. 

39. (Currently Amended) The pump of claim '■■ ' r: <\ wherein the digital pulses 
generated by the pulsed width modulator (PWM) circuit have a pulse width chosen to 
produced a desired amplitude for the drive signal. 

40. (CANCELLED) 

41. (CANCELLED) 

42. (CANCELLED) 
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43. (CANCELLED) 

44. (CANCELLED) 

45. (CANCELLED) 

46. (CANCELLED) 

47. (CANCELLED) 

48. (CANCELLED) 

49. (CANCELLED) 

50. (CANCELLED) 

51. (CANCELLED) 

52. (CANCELLED) 

53. (CANCELLED) 

54. (CANCELLED) 

55. (CANCELLED) 

56. (CANCELLED) 

57. (CANCELLED) 

58. (CANCELLED) 

59. (CANCELLED) 

60. (CANCELLED) 

61. (CANCELLED) 

62. (CANCELLED) 

63. (CANCELLED) 

64. (CANCELLED) 

65. (CANCELLED) 

66. (CANCELLED) 

67. (CANCELLED) 

68. (CANCELLED) 

69. (CANCELLED) 

70. (CANCELLED) 

71. (CANCELLED) 

72. (CANCELLED) 

73. (CANCELLED) 
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74. (Currently Amended) A pump comprising: 

a pump body , ■ < - ■ ■■■ , v . 

pumping chamber; 

a piezoelectric actuator situated in the pump body and responsive to a drive signal 
for pumping fluid in the pumping chamber; and 

a drive circuit wh - ieb-g p p - h esco niiy. s } > the drive signal to the 

piezoelectric actuator as a series of digital pulses, wherein the drive circuit comprises: 
a source of digital pulses; 
a transformer; 

a power switching element - A-:- '■■ •• •• ••• ■ , the digital 

pulses and to.,selectively ftpp j i e& apply current to the transformer; 

means for using an electromotive force generated by parasitic capacitance 
of the transformer to provide a high voltage bipolar output to the piezoelectric actuator. 

75. (Previously Presented) The apparatus of claim 74, wherein the transformer is 
has only one secondary winding with no taps. 

76. (Previously Presented) The apparatus of claim 74, wherein the source 
produces a single PWM pulse train. 

77. (Previously Presented) The apparatus of claim 74, wherein the source 
produces a unipolar, low frequency, low potential control signal to the means for using an 
electromotive force. 

78. (Previously Presented) The apparatus of claim 74, further comprising a 
second transformer connected in parallel to the transformer 
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